The metabolism of glucose changed significantly at the time of the onset of meiosis in the hamster ovary. There was a large drop in the CO2 evolution from labelled glucose and it could be attributed to alterations in the metabolic patterns in the germ cells which represented 80\p=n-\90% of the ovarian cell population at the time of the studies. The reduced glycolytic metabolism was well established in the oocyte at the diplotene stage of the first meiotic division.
Introduction
Mammalian germ cells show a different dependency on carbohydrate substrates during the various stages of their development. Although ejaculated spermatozoa metabolize more glucose to lactate than do testicular spermatozoa (Voglmayr, Scott, Setchell & Waites, 1967) , isolated round spermatids and pachytene spermaiocytes do not survive in the presence of glucose but depend on a supply of lactate (Jutte, Grootegoed, Rommerts & van der Molen, 1981 ; Mita & Hall, 1982) . In the female, after the initial observation that 2-cell mouse embryos could not develop in media supplying glucose as an energy source (Hammond, 1949) , it was determined that this restricted glycolytic metabolism was already present in the zygote and maturing oocyte (Biggers, Whittingham & Donahue, 1967) , oocytes of various ages (Eppig, 1976) and the meiotic germ cells before follicle formation (Brinster & Harstad, 1977) . Some observations indicate that the preference for pyruvate over glucose is lower in the meiotic cells before follicle formation and in the fertilized ova (Brinster & Harstad, 1977) and more accentuated in the follicular and ovulated oocytes (Eppig, 1976) . This dependency on pyruvate and related compounds persists until the 8-cell stage of embryo development (Whitten, 1956; Brinster, 1965a, b) .
It is not clear, at least in the female, whether the restricted glycolytic pattern plays some role in early embryogenesis or it is characteristic of gametogenesis and simply carried over after fertilization. The present study examined when this metabolic pattern is established and whether it is present at all stages of germ cell development or is related to other events that occur during gametogenesis.
Materials and Methods
Animals. Golden hamsters (Mesocricetus auratus), 100-120 g body weight, were used. Groups of 6-10 animals were mated on the evening of pro-oestrus. Half of the animals in each group became pregnant. The schedule was such that, on the day of the experiment, there were pregnant animals on the 14th day post coitum, and newborn females 3 or 5 days of age. The difference of age between 0022-4251 /83/050101-04S0200/0 the fetuses and newborn was 5 and 7 days. Pregnancy in this hamster colony lasts 16-16j days. Because the age difference was large and the age-related ovarian structures were strikingly different, no closer age definition was sought.
In each experiment, fetal ovaries were obtained from 2 or 3 litters and randomly distributed. A total of 53 pregnant animals was used ; 5 newborn females were studied at 3 days and 27 at 5 days of age.
Stages of meiosis and cell distribution. When haematoxylin-eosin stained sections were analysed, the germ cells covered 90 ± 1 '5% of the area of the fetal ovary (n = 5) and 81 ± 4-0% in the 5-dayold hamster ovary (n = 5). Meiosis in the hamster can be detected clearly on the 1st day after birth. On Days 3 and 5 of age about 50% and 85% respectively of the germ cells are in meiosis (Fajer, Schneider, McCall, Anees & Polakis, 1979) .
Protein determination. Ovarian protein concentration was determined by the Coomassie Blue dye method (Bio Rad, California) using a purified bovine serum albumin (Sigma, St Louis) as the standard.
Determination ofliC02 during tissue incubation with [U-i4C]glucose. Carbon dioxide production from labelled glucose was determined using a glucose-free medium made up from a MEM kit (Gibco, New York). Five µ [U-14C]glucose (sp.act. 225 mCi/mmol: Amersham, Chicago) were added to 1 ml medium in a 20-ml sterile glass vial closed with a rubber stopper. Each vial received 2 ovaries and 3-5 vials were used for each determination. Results are expressed in d.p.m./100 µg ovarian protein.
The radioactivity was determined in a proportional counter (Bactec : Johnston Laboratories, Baltimore) after each vial had been flushed automatically with 5% C02 in air, every 30 min. The incubations at 37°C under 5% C02 in air lasted for 150 min. The determinations were done after the first 60 min when the C02 production (counts) reached a plateau and stayed stable for the next three readings. No trapped radioactive C02 was found when 2 ml of a 10% solution of perchloric acid were added to each vial after the incubation. The number of ovaries and the amount of labelled glucose were adjusted to obtain a linear relationship between mass and C02 production and to use the most stable region of the detector. The experiments were always done simultaneously in all age groups to avoid the effects of variations between batches of radioactive compounds or their oxidation. Vials without tissues were used as controls.
Results
The results shown in Table 1 clearly indicate that in the fetal ovaries the glucose oxidation was 4-7-11 times higher than in the meiotic ovaries of 5-day-old hamsters. In these meiotic ovaries, of the 85% of the germ cells in meiosis, 40% had reached the pachytene stage. Values are mean ± s.e.m. for 6-10 ovaries.
In another experiment in which the fetal ovaries were compared to 3-and 5-day-old ovaries, the 3-day-old ovaries, which show 45% of the germ cells at the leptotene stage of meiosis, had a glucose oxidation value that was 37% of that of the fetal ovaries. The 5-day-old ovaries showed C02 production that was 25% of that of the fetal ovaries.
Between the 14th day of gestation and the 5th day after birth the mean ± s.e.m. ovarian protein content per ovary increased from 9-9 ± 0-4 (n = 10) to 19-6 ± 1-2 (n = 8) µg protein/ovary.
Discussion
The present observations strongly suggest that the changes in glycolytic metabolism observed in premeiotic and meiotic ovaries can be attributed to the germ cells at the onset of meiosis. From the 14th day of gestation to the 5th day after birth, the ovary grows and the protein content doubles. At the same time the somatic cell population multiplies at a faster rate than does that of the germ cells. The somatic cell participation goes from 10 to 19%, while the germ cell fraction falls from 90 to 81%. These simple calculations exclude the somatic cells as the source of a reduced glucose oxidation. Therefore, if the C02 evolution by the germ cells did not change, the 9% shift in their distribution cannot explain the average drop of 87% in glucose oxidation (range 79-90%).
During this period of ovarian development there are no significant structural changes: follicles have not yet formed and the adult circulatory pattern has not been established.
The results have to be seen in the context of the pattern of glycolytic inhibition seen in the oocyte at the diplotene stage (Biggers et al., 1967) . This inhibition is possibly due to a block at the level of phosphofructokinase (Barbehenn, Wales & Lowry, 1974) and hexokinase (Brinster, 1968) because it occurs in preimplantation embryos.
The permeability of the germ cells to glucose, lactate and pyruvate has not been studied in many species. Experiments have shown that early mouse embryos accumulate glucose, are freely permeable to lactate and have a very small intracellular pool of pyruvate (Wales, 1975) . The problem of oocyte permeability is further complicated by the studies of cell co-operation. The integrity of the junctional contact between oocyte and granulosa cells is required for the normal growth of the oocyte (Eppig, 1979) as well as for the uptake of 2-deoxyglucose by the oocyte (Brower & Schultz, 1982) . It has not been defined when this metabolic dependency of the germ cells is established. Alternative metabolic pathways to glucose oxidation have not been studied in the hamster oocyte or early embryo. However, in the rabbit the pentose shunt is very active (Fridhandler, 1961) , while the Krebs' cycle predominates in the mouse (Brinster, 1969) . Metabolically, there is a similarity between the gametes of the 2 sexes. The oocytes use pyruvate that the granulosa cells are capable of producing (Donahue & Stern, 1968) ; in the male spermatocytes and spermatids require lactate that is produced by the Sertoli cells (Jutte et al., 1981 ).
If the changes in glycolytic metabolism are associated with the onset of meiosis, it is not clear to which other events occurring at the same time they can be associated. Some of the enzymes involved in glucose metabolism are X-chromosome coded (De La Chapelle ¿Se Miller, 1979) but this has not been shown for the two enzymes that have reduced activity in the early embryo.
The reactivation of the second X-chromosome in the female occurs at a time close to the beginning of meiosis (Migeon & Jejalian, 1977; Gartler, Rivest & Cole, 1980; Monk & McLaren, 1981) , but in spite of the changes detected in the expression of some enzymes coded in the Xchromosome (Monk & McLaren, 1981) , the reactivation of the second chromosome does not seem to be involved with the onset of meiosis (Jagiello, Downey & Ducayen, 1982) . These observations, taken together, would indicate that the cycles of the X-chromosome do not influence the glucose metabolic patterns.
